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Statement of Problem 

Local species concentration and temperature are among the most important parameters to 
characterize in a combustion system. However, the harsh environment in rocket chambers under hot-fire 
conditions limits the applicability of conventional probing methods for the acquisition of this information. 
Laser-based diagnostic methods show great promise for achieving this goal by providing instantaneous 
images of species concentrations and temperature. 

Objective of Work 

The objective of the current work is to develop a non-intrusive technique to experimentally 
determine the major species and temperature field in the combustion chamber of an uni-element rocket 
for a G0 2 /GH 2 propellant combination. 

A pproach 

The experiments were conducted at the Cryogenic Combustion Laboratory at Penn State 
University. The uni-element rocket chamber used is modular in design and is easily configured to 
provide optical access along the chamber length. A shear coaxial injector was used to introduce G0 2 and 
GH 2 into the combustion chamber. The nominal flow rates of G0 2 and GH 2 are 0. 1 lb/s and 0.025 lb/s, 
respectively, resulting in an O/F ratio of four. The experiments were for a chamber pressure of 190 psia. 

One-dimensional profiles of species concentrations and temperature were measured by using laser- 
induced spontaneous Raman spectroscopy. The Raman system consists of a flash pumped dye laser 
operating at 10 Hz and an intensified CCD camera. The dye laser has a typical pulse energy of 2 J at 
511 nm and a pulse duration of 5 /is. The Raman emission was detected at a right angle to the laser 
beam. A narrow band interference filter was placed in front of the camera to selectively measure the 
number density of the species. For each rocket firing, 50 single-shot Raman images and 50 background 
images were captured. By using different optical filters, Raman images of oxygen, hydrogen, water and 
nitrogen (used for window cooling) were obtained. Measurements were conducted at 1,2, and 5 inch 
downstream of the injector face. The ratio of the signal to background level for hydrogen and oxygen 
Raman images at 1 inch downstream is about 10. Further downstream, the background luminosity 
increases significantly. Thus, the species concentration can only be determined from averaged Raman 
images. The temperature profiles were calculated from averaged data of total species number density 
using the ideal gas law. Since the Raman signal is stronger in lower temperature regions, the averaged 
temperature generally underestimates the temperature in regions where temperature fluctuates highly. 

Conclusions 

Single-shot and averaged profiles of species concentration have been measured under combusting 
conditions. These results demonstrate that the laser-based technique can be effectively applied for in-situ 
measurements in a rocket chamber. Experiments with an improved detection system for obtaining images 
of instantaneous and simultaneous multi-species concentration and temperature are underway. 
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• Experiments in a Uni-Element Rocket 
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OPTICALLY-ACCESSIBLE 
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go 2 /gh 2 rocket test conditions 

Shear Coaxial Injector 
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RAMAN SPECTROSCOPY 

Stokes Vibrational Shift 
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EXPERIMENTAL SETUP 
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SPECIES MEASUREMENTS IN 

GOJGH, Rocket 
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INSTANTANEOUS RAMAN IMA GES 

Shear Coaxial Injector 

25.4 mm from Injector Face 














MEAN RAMAN IMA GES 

Shear Coaxial Injector 

25.4 mm Z = 50.8 mm Z = 127 mm 
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SPECIES MEASUREMENTS 

Radial Profiles of Species Mole Fractions 
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EXPERIMENTAL MEASUREMENTS 

Mean Density Comparisons @ 25.4 mm from Injector Face 
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go 2 /gh 2 rocket 

Oxygen Mole Fraction Comparisons 
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SIMULTANEOUS SPECIES MEASUREMENTS 

25.4 mm from Injector Face 

Log Intensity Scale Linear Intensity Scale 
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